Background Human skin aging is a multifactorial and complex biological process affecting the different skin constituents. Even if the skin aging mechanism is not yet fully unravelled is evident that epidermis loses the principal molecule responsible for binding and retaining water molecules, resulting in loss of skin moisture and accounting for some of the most striking alterations of the aged skin. Objectives This Study investigated the cosmetic filling efficacy of Fillerina â in
Introduction
Human skin aging is a multifactorial and complex biological process affecting the different constituents of the skin that is not yet fully understood. Skin aging is the result of two biologically independent processes. The first is intrinsic or innate aging, an unpreventable pro-cess, which affects the skin in the same way as it affects all others organs. The second is extrinsic aging, which is the result of exposure to environmental factors (i.e. ultraviolet irradiation, pollutants, etc.) and it is commonly referred to as photoaging. 1 In elderly the skin turgor, resilience, and pliability are decreased, presumably due to altered patterns and levels of glycosaminoglycans (GAGs), especially hyaluronic acid (HA) and dermatan sulfate, which are the most common. 2 HA is a nonsulfated GAG with an unique capacity to bind and retain water molecules. 3 Chemically, HA is composed of repeating polymeric disaccharides of D-glucuronic acid and N-acetyl-Dglucosamine linked by a glucuronidic b (1?3) bond. 4, 5 Unlike other GAG, HA is not covalently linked to a protein core, but it may form aggregates with proteoglycans. 6 HA polymers occur in a large number of configurations and shapes, depending on their size, salt concentration, pH, and associated cations. 7 HA is widely distributed, from prokaryotic 8, 9 to eukaryotic cells. 10 In humans, HA is most abundant in the skin, [11] [12] [13] [14] [15] accounting for the 50% of the total body HA. 16 HA is produced primarily by mesenchymal cells, even if other cell types are capable to produce HA. [17] [18] [19] [20] [21] The use of biotinylated HA-binding peptide revealed that not only cells of mesenchymal origin are capable of synthesizing HA and permitted the histolocalization of HA in the dermal compartment of skin and the epidermis. [22] [23] [24] This technique enabled the visualization of HA in the epidermis, mainly in the extracellular matrix molecules (ECM) of the upper spinous and granular layers, whereas in the basal layer HA is predominantly intracellular. 12 HA has a dynamic turnover rate with a half-life less than a day in the skin and it is degraded into fragments of varying size by hyaluronidases (HYAL) by hydrolyzing the hexosaminidic b (1) (2) (3) (4) linkages between N-acetyl-D-glucosamine and D-glucuronic acid residues in HA. 25 The most dramatic histochemical change observed in senescent skin is the marked disappearance of epidermal HA. With increasing aging, a steady decline of HA occurs in the upper epidermal layer, with concomitant increases in the basal layer of the epidermis and the upper portions of the papillary dermis, while at senescence HA is entirely absent in the epidermis and present in the upper dermis. 26 The reasons for this change in HA homeostasis with aging is unknown. Progressive reduction of the size of the HA polymers in skin as a result of aging has also been reported. 22 In the skin photoaging were also reported an abnormal GAG content and distribution and a diminished HA concentration. 27 Using photoexposed and photoprotected human skin tissue specimens, obtained from the same patient, a significant increase in the expression of HA of lower molecular mass in photoexposed skin, as compared with photoprotected skin was reported, suggesting that HA homeostasis exhibits a distinct profile in intrinsic skin aging, which is totally different from the characteristic profile in extrinsic skin aging. 28 Even if the mechanism of skin aging is not yet fully unravelled is evident that during aging the epidermis loses the principal molecule responsible for binding and retaining water molecules, resulting in loss of skin moisture and accounting for some of the most striking alterations of the aged skin, including decreased turgidity, less support for microvessels, wrinkling, altered elasticity and loss of face volumes especially as regards to the cheekbones and lips. 2 Currently, HA fillers are an established intervention for correcting facial volume deficiencies. 29 However, they are costly, invasive, painful, and may have side effects. Thus, a topical, non-invasive, effective cosmetic treatment to replenish the skin with the lost HA could be more acceptable. The aim of the present study was to evaluate the filling efficacy of a commercially available HA based dermocosmetic treatment (Fillerina â ) claimed to be effective in improving the facial volume deficiencies.
Materials

Participants and study design
In this monocentric randomized study, forty healthy Caucasian female subjects were included by a certified dermatologist. All the study procedures were carried out according to World Medical Association's (WMA) Helsinki Declaration and its amendments (Ethical Principles for Medical Research Involving Human Subjects, adopted by the 18th WMA General Assembly Helsinki, Finland, June 1964 and amendments). To participate in the study, each participant was fully informed on study risks and benefits, aims, and procedures. An informed consent form and a consent release for publication of photos were signed by each subject prior to participating in the study.
Eligible participants were all adult female subjects aged between 25 and 55 years old (mean age: active group 47.7 AE 5.7 years old, placebo group 46.3 AE 6.8 years old; mean AE SD) and showing mild-to-moderate clinical signs of skin aging on the face. The subjects were of general good health, had no obvious skin disease, known history of atopic dermatitis and/or skin elastosis on the face. Exclusion criteria were pregnancy or intention to become pregnant, lactation, allergy/sensitivity to cosmetics, participation in another similar study (at least 30 days prior to enrolling in the study), and unwillingness or unability to comply with the requirements of the study protocol. The study further excluded subjects using topical products containing moisturizing and/or anti-aging actives.
After the enrolment subjects were randomly assigned to one of the two study arms, in 1:1 ratio, to receive active or placebo products. For allocation a computergenerated, using PASS 11 statistical software (version 11.0.8 for Windows; PASS, LLC, Kaysville, UT, USA) restricted randomization list (biased coin using Efron's algorithm) was used. Subjects, investigator and her collaborators were kept blind to products assignment.
Sequentially numbered, opaque, and sealed envelopes, reporting the unblinded treatment allocation, where prepared for each subject and stored in a safe place by the in site study Director.
The study took place at Farcoderm s.r.l. dermatological facilities in San Martino Siccomario (PV), Italy, from September to October 2012. Farcoderm s.r.l. is an independent testing laboratory, collaborating with the University of Pavia, for in vitro and in vivo safety and efficacy assessment of cosmetics, food supplements, and medical devices.
Interventions
The tested product was a commercially available dermocosmetic filling treatment named Delivery the product on visible wrinkles/lines (face and neck), cheekbones, and lips. Leave the product in rest for 10 minutes. After 10 minutes gently pat the product onto the skin using the palm of your hand (without carrying circular movements) until completely absorbed. Nourishing film. After the Gel Filler has absorbed, apply 1-2 ml of Nourishing film using the applicator with truncated tip. Apply the product all over the face and neck. Massage gently until completely absorbed.
To facilitate the action of the product, it is advisable to drink two glasses of water before the application of Gel Filler and Nourishing Film.
+
Once a day, in the morning or at night depending on subject needs and habits 
Once a day, in the morning.
Once a day, at night.
Once a day, in the morning and at night. tained Sodium Hyaluronate crosspolymer and a mixture of HA of different molecular weight (hyaluronic acid 1 kDa, hydrolyzed sodium hyaluronate 5 kDa, hydrolyzed hyaluronic acid 50 kDa, sodium hyaluronate 200 kDa, and sodium hyaluronate 2000 kDa) as cosmetic active ingredients. The placebo formulations did not contain the above-mentioned actives. Active and placebo products were in the same physical form (gel or emulsion) and identical in appearance. Subjects applied by themselves the tested products according to the way of use reported in Figure 1 . Subjects were instructed to not share the test products with other household members. Subjects were allowed to continue the use of regular (without any claimed anti-aging effect) make-up products.
Outcomes
The primary endpoints with respect to efficacy in decreasing the skin aging signs were the measurements of skin sagging/loss of volume of face contours, cheekbones, and lips by means of a morphometric image analysis technique (Fig. 2) . Wrinkle volume and depth were measured, in the periocular area ("crow's feet area"), as secondary endpoints by means of a 3D microtopography imaging system. All the measurement were carried out before study start (basal value) and after 7, 14, and 30 days of treatment, except for lips volume and wrinkles depth/volume, for which and additional measurement time was foreseen 3 h after the first product application at study start. The measurements were carried out on cleansed skin (except for the lips volume and the wrinkle depth/volume measurements 3 h after product application) under temperature (22 AE 2°C) and relative humidity (50 AE 10%) controlled conditions. The treatment was stopped 8-12 h before any skin assessment were made. The lifting/reshaping effect for the face contours and the cheekbones, and the volumizing effect for the cheekbones and the lips were assessed using a morphometric image analysis technique as described in Figure 2 . Frontal images of the face were taken using a professional digital reflex camera NIKON D300 digital camera, Nikon Corporation Tokyo, Japan) equipped with a macro-objective (AF-S Micro NIKKOR 60 mm f/ 2.8G ED, Nikon Corporation Tokyo, Japan) and a flash system (Kit R1C1, Nikon Corporation). Subjects' position was regulated using a stereotactic device (Canfield Scientific, Inc., Fairfield, NJ, USA).
Wrinkles depth and volume were measured using a three-dimensional (3-D) microtopography imaging system (PRIMOS 3D lite, GFMesstechnik GmbH, Teltow, Germany). The imaging system projects structured light on a specific surface of the skin with a Digital Micro-mirror Device (DMD, Texas Instruments, Irving, TX, USA) and records the image with a CCD camera. Skin surface microtopography is reconstructed using temporal phase shift algorithms to generate 3-D images. The imaging system has an overlap feature which enables precise matching of photos taken at different visits. Depth and volume of the crow's feet area wrinkles were measured.
Sample size
Sample size was calculated with a two-sided 5% significance level and a power of 80% taking into account a 20% variation of the primary endpoints due to both inter-individual human variability and error in the measurement techniques. A sample size of 20 subjects per group was necessary given an anticipated dropout rate of 20%.
Statistical methods
Statistical analysis was carried out on the intention to treat (ITT) population using NCSS 8 (version 8.0.4 for Windows; NCCS, LLC) running on Windows Server â 2008 R2 64 Edition. Data normality (both for raw data and variations vs. the basal value) was verified using Shapiro-Wilk W normality test and data shape. Since data were normally distributed, the repeated measure analysis of variance (RM-ANOVA) followed by Tukey-Kramer multiple comparison test was performed both for intra-and inter-group comparisons. The statistical significance probability value was set at P < 0.05. Values are reported as follows: (1) face contour lifting effect is reported as the mean variation of the upper to lower face contour measured in 5 point (Fig. 2a) , (2) cheekbones contour pumpling effect is reported as the mean variation of the nose to cheekbones contour measured in 5 points (Fig. 2b) , and (3) cheekbones contour lifting effect is reported as the mean variation of the eye to cheekbones contour measured in 3 points (Fig. 2c) .
Values are expressed as arithmetic mean AE SD.
Results
Eligible subjects were recruited from August to September 2012. Only subjects who had not sun exposure during the summer period were enrolled. Subjects attended clinic visits at the time of randomization (baseline) and after 7, 14, 30 days of product use. During the baseline visit, subjects remained at the facility housing the trial for 3 h under temperature (22 AE 2°C) and relative humidity (50 AE 10%) controlled conditions. All the randomized subjects (n = 20 per group) completed the trial (Fig. 3 ). Subject's baseline demographics and clinical characteristic are reported in Table 1 . Before and after images are reported in Figure 4 . The results of the face contours lifting effect evaluation are reported in Table 2 and Figure 5 The baseline (Table 1) The results of the cheekbones volumizing/plumping effect evaluation are reported in Table 3 and Figure 6 . The baseline (Table 1 ) mean nose to cheekbones contours distance (measured in 5 points, see Fig. 1b ) was similar between active (5.907 AE 0.366 cm) and placebo (6.094 AE 0.433 cm) groups and not statistically significant (P > 0.05). At the 7, 14, and 30 days follow up visit this distance is increased in the active group by 0.875 AE 0.519, 2.186 AE 0.781, and 2.275 AE 0.725 mm, respectively. A slight worsening was seen in the placebo group by À0.221 AE 0.190, À0.217 AE 0.227, and À0.230 AE 0.268 mm at the 7, 14, and 30 days follow-up visit, respectively. The increase of the nose to cheekbones contours distance is indicative of more protruding cheekbones contours and increased volume.
The results of the cheekbones contour lifting evaluation are reported in Table 4 and Figure 7 . The baseline eye to cheekbones contours distance (measured in 3 points, see Fig. 1b ) was similar between active (3.361 AE 0.325 cm) and placebo (3.108 AE 0.226 cm) groups and not statistically significant (P > 0.05). At the 7, 14, and 30 days follow-up visit this distance is decreased in the active group by À0.989 AE 0.585, À2.500 AE 0.929, and À2.517 AE 0.927 mm, respectively. A slight worsening was seen in the placebo group by 0.199 AE 0.122 0.241 AE 0.153, and 0.265 AE 0.169 mm at the 7, 14, and 30 days follow-up visit, respectively. The decrease of the eye to cheekbones contours distance is indicative of a decrease of the skin sagging and an increase of cheekbones volume.
The results of the treatment effect on lips volume are reported in Table 5 and Figure 8 . 3 ) days follow-up visit wrinkle volume was decreased in the active group corresponding to a À11.3%, À18.4%, and À26.3% variation vs. the basal value, respectively. In the placebo group no changes were observed at 7 (5.59 AE 0.45 mm 3 ), 14 (5.61 AE 0.45 mm 3 ), and 30 (5.77 AE 0.48 mm 3 ) days follow-up visit, respectively.
The results of the treatment effect on wrinkle depth are reported in Table 7 and Figure 10 . The baseline mean value was similar between active (338.7 AE 15.7 lm) and placebo (311.2 AE 12.4 lm) groups and not statistically significant (P > 0.05). At 7 (311.5 AE 18.2 lm), 14 (290.2 AE 16.5 lm), and 30 (265.1 AE 16.6 lm) days follow-up wrinkle depth was decreased in the active group corresponding to a À8.4%, À14.5%, and À21.8% variation vs. the basal value, respectively. In the placebo group no changes were observed at 7 (310.2 AE 12.0 lm), 14 (312.0 AE 12.3 lm), and 30 (315.6 AE 13.4 lm) days follow-up visit respectively. 
Discussion
To our knowledge this is the first study demonstrating the filling effect of a cosmetic treatment based on six types hyaluronic at different molecular weight in improving facial contours and volumes. Compared to the placebo group, and to the baseline, the active treat- The table report the mean (n = 5) variation of the upper to lower face contour distance measured as described in the Figure 1a .
Upper to lower distance variation (mm)
Active Placebo T7  T14  T30  T7  T14  T30 ***, ¥ ***, ¥ ***, ¥ *** *** ** Figure 5 Upper to lower distance (face contour lifting effect) variation during the treatment. ***P < 0.001 vs. T0, **P < 0.01 vs. T0, ¥P < 0.001 active treatment vs. placebo. T0, baseline; T7, 7 days; T14, 14 days; T30, 30 days. The table report the mean (n = 5) variation of the nose to cheekbones contour distance measured as described in the Figure 1b . Figure 6 Nose to cheekbones contour distance (cheekbones pumpling effect) variation during the treatment. ***P < 0.001 vs. T0, **P < 0.01 vs. T0, ¥P < 0.001 active treatment vs. placebo. T0, baseline; T7, 7 days; T14, 14 days; T30, 30 days. The table report the mean (n = 3) variation of the eye cheekbones contour distance measured as described in the Figure 1b . T7  T14  T30  T7  T14  T30 ***, ¥ ***, ¥ ***, ¥ *** *** *** Active Placebo Eye to cheekbones contour distance variation (mm) Figure 7 Eye to cheekbones contours distance (cheekbones contour lifting effect) variation during the treatment. ***P < 0.001 vs. T0, ¥P < 0.001 active treatment vs. placebo. T0, baseline; T7, 7 days; T14, 14 days; T30, 30 days. ment improved the skin sagging of both the face and the cheekbones contours, the lips volume, and decreased the wrinkle depth and volume. The efficacy of the product appeared to be greater in diminishing the cheekbones skin sagging compared to face contour skin sagging. This relative responsiveness on different site could be related to the skin sagging severity, and to the extent of the two skin sites.
A slight worsening of the skin sagging was seen in the placebo group. This slight variation could be due to normal variation of skin sagging.
Chronoaged skin contains significantly fewer levels of hyaluronic acid 26 and hormone replacement treatment has demonstrated to increase HA concentration. 30 The stratum corneum (SC) dryness has been proposed to play an important role in wrinkle formation. 31 Fine wrinkle appearance has been linked to the dryness of the SC and increased appearance of fine wrinkles are observed in low humidity compared to Active Placebo *, ʄ **, § ***, ¥ ***, ¥ Figure 8 Lips volume variation during the treatment. *P < 0.05 vs. T0, **P < 0.01 vs. T0, ***P < 0.001 vs. T0, ʄP < 0.05 active treatment vs. placebo, §P < 0.01 active treatment vs. placebo, ¥P < 0.001 active treatment vs. placebo. T0, baseline; T3h, 3 hours; T7, 7 days; T14, 14 days; T30, 30 days. 
)
Active Placebo ***, § ***, ¥ ***, ¥ Figure 9 Wrinkle volume variation during the treatment. ***P < 0.001 vs. T0, §P < 0.01 active treatment vs. placebo, ¥P < 0.001 active treatment vs. placebo. T0, baseline; T3h, 3 hours; T7, 7 days; T14, 14 days; T30, 30 days. high humidity environments. 32 Moreover, SC water holding capacity and elasticity decrease during chronological aging. 33 Simple moisturization by occlusion, due to the higher molecular weight HAs contained in the treatment used in this study, is likely to dampen these responses. Occlusion could have also a beneficial effect in decreasing the profibrotic signaling within the dermis. 34 Nevertheless, improvements in skin aging biology are also expected by the low molecular weight HAs contained in the treatment used in the study. Topical application of low molecular weight HA was demonstrated to improve skin moisturization and elasticity associated with significant reduction of wrinkle depth. 35 Irrespective of the potential mechanism of action, this study provide the first evidence that the use of six types hyaluronic acid at different molecular weight (Fillerina â ) is able to provide an improvement in the appearance of chronoaged skin in subjects showing mild-to-moderate clinical signs of skin aging on the face.
